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(54) Ink for ink jet recording 

(57) An ink is provided which can realize good 
images on various recording media, especially plain 
papers. 

The ink comprises at least a water-soluble colorant, 
a water-soluble organic solvent, water, and a mixture of 
two or more compounds represented by formula (I): 



R-[(EO)n-(PO)m]k-T 



wherein 



EO represents an ethyl eneoxy group; 
PO represents a propyl eneoxy group; 
T represents an OH group or S0 3 M wherein M rep- 
resents a hydrogen atom, an alkali metal, an inor- 
ganic base, or an organic amine; 
m and n are each an integer; 
k is a natural number of not less than 1 ; and 
R represents an alky I group. 
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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

[0001 ] The present invention relates to an ink for ink jet recording which can produce high-quality printed imaqes on 
various recording media, and an ink jet recording method using the same. 

10 Background Art 

[0002] Ink jet recording is a method wherein an ink is ejected as droplets through fine nozzles to record letters or f in- 
ures onto the surface of recording media. Ink jet recording systems which have been developed and put to practical use 
include, a method wherein an electric signal is converted to a mechanical signal using an electrostrictive element to 
15 intermittently eject an ink reservoired in a nozzle head section, thereby recording letters or symbols on the surface of a 
recording medium and a method wherein an ink. reservoired in a nozzle head section, in its portion very close to the 

h Je ?°H It? 0 *" 15 raP ?! y hea,6d 10 ° reate 3 bubb,e and to* ink is '"lermittently ejected by volume expansion created 
by the bubble to record letters or symbols on the surface of a recording medium 

[0003] Properties required of inks used in the above ink jet recording are such that the drying property of the print is 
20 good, no feathering is created in prints, good printing can be performed on various recording media, and in the case of 
multi-color printing, color-to-color intermixing does not occur. 

[0004] In particular, prevention of feathering is important for realizing high-quality images. Paper is likely to create 
feathering because it comprises fibers that are different from one another in ink penetration. In particular, this tendency 
is significant for recycled paper because it comprises various fibers having different ink penetration. For this reason in 
» order to prevent the feathering, various proposals have been made on a reduction in penetration of the ink into record- 
ing media or an improvement in drying speed of the printed ink image. 

[0005] For example. Japanese Patent Publication 2907/1 990 proposes utilization of glycol ether as a wetting aqent 
Japanese Patent Publication 15542/1989 proposes utilization of a water-soluble organic solvent, and Japanese Patent 
Publication 3837/1 990 proposes utilization of a glycol ether as a dye solubilizer 
'° 25? 1 F ?TZ' !" ° rd f to , improve the Penetrability of an ink for ink jet recording. U.S. Patent No. 5. 1 56.675 proposes 
f^T m d ' eth y' ene .9 , ^° ' monobutyl ether, U.S. Patent No. 5,183.502 proposes addition of Surfynol 465 (manufac- 
tured by Nissm Chemical Industry Co.. Ltd.) as an acetylene glycol surfactant, and U.S. Patent No. 5. 196.056 discloses 
addition of both Methylene glycol mono-n-butyl ether and Surfynol 465. Furthermore, US. Patent No 2 083 372 studies 
and teaches utilization of an ether of diethylene glycol in an ink. In this connection, diethylene glycol mono-n^utyl ether 
1 ^of^ 3 t0 ' t0 thOSe Ski " ed in the ar1 ' and detailed desc ""P«°n hereon is given, for example, in U.S Patent 

^^L^" 8 f ° r re 9 ulatin 9 the Penetrability of the ink using a pigment, for example. Japanese Patent 

^it^Tp ?" \ , 8 5 5010568 UtHiZati0n ° f 3 pi9ment and trie thy'ene glycol monomethyl ether in combination 
Japanese Patent Lad-Open No. 1 11 1 65/1 997 discloses utilization of a pigment and an ether of ethylene glycol dieth- 
40 ylene glycol, or triethylene glycol in combination. 9 Y 

[0008] On the other hand, a method has been proposed wherein an ink is printed on a heated recording medium to 
rapidly evaporate the solvent component, thereby permitting the ink to be rapidly fixed onto the recording medium 

in!nS' a Tf' ,S ,!i, kely . t ° 3n aOVerSe 6ffeCt °" reCOrding media " Particularly paper. Further, this method 
involves an additional disadvantage of increased power consumption by heating. 

45 

SUMMARY OF THE INVENTION 

[0009] The present inventors have now found that an ink comprising a compound having a specific structure when 
used in ,nk jet recordmg. can realize good images having good drying speed and no significant feathering on various 
so recording media, especially recycled papers. 

[0010] Accordingly, it is an object of the present invention to provide an ink that can realize good images on various 
recording media, especially plain papers. various 
[001 1] Thus, according to one aspect of the present invention, there is provided an ink for ink jet recording comprising 
55 Siented bTformula" (£ COl ° rant ' 3 Water ' SOluble ° r9anic solvent ' water ' and a mixture of two or more compounds rep 

R-[(EO)n-(PO)m]k-T 



* 
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wherein 

EO represents an ethyleneoxy group; 
PO represents a propyleneoxy group; 

T represents an OH group or S0 3 M wherein M represents a hydrogen atom, an alkali metal, an inorganic base, or 

an organic amine; 

m and n are each an integer; 

k is a natural number of not less than 1 ; 

R represents a C a H 2a . k . 1 group (where a represents natural number of 4 to 10) or an Ra-C a H 2a _ k _ 2 group(where a 
represents natural number of 4 to 10) wherein Ra represents a group represented by formula 

T-[(PO)m'-(EO)nlk- 

wherein 

EO, PO, T and k each are as defined above; and 
n' and m' are respectively n and m, 

EO and PO being arranged, regardless of order in the parentheses, randomly or as blocks joined together, 

n or n + n' being 1 to 10 with morm + m' being 0 to 5 when n and m and n* and nY are expressed in terms of the 

average value for the mixture of compounds represented by formula (I) contained in the ink. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Ink for ink jet recording 

[0012] According to the present invention, in the case of monochrome printing, the ink for ink jet recording refers to a 
black ink, while in the case of color printing, the ink for ink jet recording refers to color inks, specifically a yellow ink, a 
magenta ink, a cyan ink, and optionally a black ink. 

Compound represented by formula (\) 

[0013] .The ink for ink jet recording used in the present invention comprises a mixture of two or more compounds rep- 
resented;by formula (I). 

[0014] In the formula (I), EO represents ethyleneoxy, that is, -CH 2 CH 2 0-. and PO represents propyleneoxy, that is, - 
CH 2 CH 2 CH 2 0-or -CH(CH 3 )CH 2 0-. EO and PO may be arranged in the molecule of the compound represented by for- 
mula (I) (that is, in parentheses in formula (I)) in any order and may be arranged randomly or as blocks joined together. 
[0015] M in S0 3 M represented by T represents a hydrogen atom, an alkali metal, an inorganic base, or an organic 
amine. Examples of alkali metals usable herein include lithium, sodium, and potassium. Inorganic bases usable herein 
include ammonia, and organic amines usable herein include mono-lower (preferably having 1 to 6 carbon atoms) 
alkylamines or di-lower (preferably having 1 to 6 carbon atoms) alkylamines. Specific examples thereof include 
monoethanolamine, diethanolamine, triethanolamine, monoisopropanolamine, and mono-s-butanolamine. 
[0016] The CaHWk-i group represented by R in formula (I) may be of branched or straight-chain type. In the group, 
a represents natural number of 4 to 10 and k reprensets the number of groups -[(EO)n-(PO)m]- which attach to R. Thus, 
when k=1, R represents a C 4 . 10 alkyl group and specific examples thereof include butyl, pentyl, hexyl, heptyl, octyl, 
nonyl, and decyl groups. The alkyl group having 4 to 10 carbon atoms can provide an ink having good penetrability. As 
described above, the alkyl group may be of branched or straight-chain type. In general, however, the branched type is 
preferred. For example, in the case of a butyl group, utilization of a compound with R representing a branched butyl 
group, that is, an isobutyl or t-butyl group, as a main component can provide an ink having good penetrability which can 
yield high-quality images. According to the present invention, the compound represented by formula (I) is used as a 
mixture. 

[001 7] In formula (I), k is a natural number of not less than 1 , preferably about 1 to 4. Specifically, as described below, 
the compound represented by formula (I) is obtained by reacting an alcohol with ethylene oxide or propylene oxide. In 
this case, when an alcohol containing one OH group is used, k is 1, while when a glycol containing 2 OH group, a triol 
having 3 OH groups, and a tetraol containing 4 OH groups are used, k values are respectively 2, 3, and 4. There is a 
possibility that OH groups unreacted with ethylene oxide or propylene oxide are present. According to the present 
invention, the compounds represented by formula (I) having unreacted OH groups also fall within the scope of the 
present invention. 

[0018] R also represents an Ra-C a H 2a . k . 2 group. The group may be of branched or straight-chain type. Ra represents 
a group represented by formula 
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T-[(PO)m'-(E0)n]k- 

wherein 

EO, PO, T and k each are as defined above; and n' and nV are respectively n and m. Therefore EO and PO may 
be arranged, regardless of order in the parentheses, randomly or as blocks joined together. 

[001 9] According to the present invention, n and m and n 1 and nV are expressed in terms of average value on data for 
the mixture of compounds represented by formula (I) contained in the ink. n or n + n' is 1 to 10 and m or m + rrT isO to 
> 5 When n and m and n' and m' are in the above respective ranges, an ink can be obtained which is less likely to cause 
foammg. possesses excellent penetration, and can yield images having good quality. According to a preferred embod- 
iment of the present invention, n and m in the mixture of compounds represented by formula (I) satisfy n/m * 0 5 
[0020] The molecular weight of the compound represented by formula (I) may be properly determined with an average 
molecular weight of not more than 2000 being preferred. 

[0021] According to a first preferred embodiment of the present invention, the compounds, represented by formula (I) 

m^ S o! Ut T 9 th !, m,XtUre ea ° h are SUCh *"* R re P resents a <VWi group and T represents a hydrogen atom 
0022] According to a second preferred embodiment of the present invention, the compounds, represented by formula 

n„£ i nS, ' t A Ut,n9 T mixtur f each are such that R represents an Ra-C a H 2a . k . 2 group and T represents a hydrogen atom. 
0023] According to a third preferred embodiment of the present invention, the compounds, represented by formula 
^constituting the mixture each are such that R represents a C a H 2a . k .., group and T represents SO,M 
[0024] According to a fourth preferred embodiment of the present inventions the compounds, represented by formula 
(I), constituting the mixture each are such that R represents a group. EO represents -CH 2 CH 2 0-. PO repre- 

sents - CH(CH 3 )-CH 2 0-, and T represents a hydrogen atom. R. EO. PO. and T being attached to one another in that 
order to represent formula R-(EO)n-(PO)m-T. 

[0025] According to a fifth preferred embodiment of the present invention, the mixture of compounds represented bv 
formula (I) is composed of: * 

a compound represented by formula (I) wherein R represents a C.IW1 group and T represents a hydrogen atom 
k, to, ru, and T being attached to one another in that order to represent formula R-(EO)n-(PO)m-T- and 
a compound represented by formula (I) wherein R represents a C a H 2a . k _, group and T represents a hydrogen atom 
■ tu f KU - and T bein g attached to one another in that order to represent formula R-(PO)m-(EO)n-T. 

[0026] The compound represented by formula (I) may be prepared by adding ethylene oxide or propylene oxide in a 
target molar amount to an alcohol having a corresponding structure as a starting compound in an atmosphere of an 
method" m,XtUre ° f *"° ° r m ° re COmpounds re P rese r*ed by formula (I) is generally obtained by the above 

V HSP ^ * ie production of compound represented by formula, preferably, the alcohol used does not remain unre- 
acted. and. even though a part of the alcohol remains unreacted. the amount of the unreacted alcohol is preferably not 
more than 1 ^ by weight. This is because when the amount of the unreacted alcohol is not more than 1% by weiqht 
problems do not occur such as wetting of the nozzle face of the head to deteriorate print quality and occurrence of an 

ooor OT ciiconoi. 

(Pi) Prop ylene glycol monobutvl pthf»r 

[0028] According to a preferred embodiment of the present invention, the ink comprises (di)propylene glycol 
monobutyl ether. Incorporation of (di)propylene glycol monobutyl ether can provide inks having higher penetration The 
amount of (d.)propylene glycol monobutyl ether added may be properly determined in such an amount range as will pro- 
vide the effect of .mparoving the peneratration. The amount, however, preferably about 0 to 10% by weight more oref- 
erably 0.5 to 5% by weight. 

[0029] According to a further preferred embodiment of the present invention, the weight ratio of the compound repre- 
sented by formula (I) to the (di)propylene glycol monobutyl ether is in the range of 1 : 0 to 1 : 1 0. 

Acetylene glycol surfactant 

[0030] According to a preferred embodiment of the present invention, the ink according to the present invention con- 
tains an acetylene glycol surfactant. The addition of the acetylene glycol surfactant can provide inks which can realize 
images having good print quality. The amount of the acetylene glycol surfactant added may be properly determined 
The amount, however, is preferably not more than about 5% by weight, more preferably about 0 1 to 2% by weight 
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[0031] According to a further preferred embodiment of the present invention, the weight ratio of the compound 
resented by formula (I) to the acetylene glycol surfactant is in the range of 1 : 0 to 1 : 3. 

[0032] Commercially available acetylene glycol surfactants may also be used, and examples thereof include Surfynol 
465, TG, and 104 (manufactured by Air Products and Chemicals) and modification products thereof. 

Di(tri)ethvlene glycol monobutvl ether 

[0033] According to a preferred embodiment of the present invention, the ink contains di(tri)ethylene glycol monobutyl 
ether. The addition of di(tri)ethylene glycol monobutyl ether can provide inks which can realize images having better 
print quality. The amount of di(tri)ethylene glycol monobutyl ether added may be properly determined. The amount, 
however, is preferably not more than about 20% by weight. 

[0034] According to a further preferred embodiment of the present invention, the weight ratio of the compound 
resented by formula (I) to di(tri)ethylene glycol monobutyl ether is in the range of 1 : 0 to 1 : 10. 

Colorant 

[0035] The colorant contained in the ink according to the present invention may be either a dye or a pigment. 
[0036] Dyes usable herein include various dyes commonly used in ink jet recording, such as direct dyes, acid dyes, 
foodstuff dyes, basic dyes, reactive dyes, disperse dyes, vat dyes, soluble vat dyes, and reactive disperse dyes. 
[0037] Regarding the pigment, inorganic and organic pigments are usable without any particular limitation. Examples 
of inorganic pigments usable herein include, in addition to titanium oxide and iron oxide, carbon blacks produced by 
known processes, such as contact, furnace, and thermal processes. Examples of organic pigments usable herein 
include azo pigments (including azo lake, insoluble azo pigment, condensed azo pigment, and chelate azo pigment), 
polycyclic pigments (for example, phthalocyanine, perylene, perinone, anthraquinone, quinacridone, dioxazine, thioin- 
digo, isoindolinone, and quinophthalone pigments), dye chelates (for example, basic dye chelates and acid dye 
chelates), nitro pigments, nitroso pigments, and aniline black. 

[0038] According to the present invention, preferred pigments are dispersible and/or soluble in water without a disper- 
sant. These pigments are those which have been surface treated so that at least one functional group, selected from 
carbonyl, carboxyl, hydroxyl, and sulfone groups, or a salt thereof is bonded to the surface of the pigment, thereby per- 
mitting the pigments to be dispersible and/or soluble in water without a dispersant. Specifically, these pigments can be 
prepared by grafting a functional group or a molecule containing a functional group onto the surface of carbon black by 
physical treatment, such as vacuum plasma, or chemical treatment. In the present invention, a single type or a plurality 
of types of functional groups may be grafted onto one carbon black particle. The type of the functional group to be 
grafted and the degree of grafting may be suitably determined by taking the dispersion stability in the ink, the color den- 
sity, the drying property at the front face of the ink jet head and the like into consideration. 

[0039] In the present invention, when the pigment is stably present in water without any dispersant, this state is 
expressed as the state of "dispersion and/or dissolution." Not infrequently, it is difficult to distinguish the state of disso- 
lution of a material from the state of dispersion of the material. In the present invention, any pigment can be used so far 
as the pigment is stably present in water without any dispersant independently of whether the pigment is in a dispersion 
form or a solution form. In the present specification, a pigment, which can stably exist in water without any dispersant 
is often referred to as a "water-sol uble pigment." The water-soluble pigment in this case, however, does not exclude a 
pigment which is in the state of dispersion in water. 

[0040] According to a preferred embodiment of the present invention, the pigment is used as a pigment dispersion 

having an average particle diameter of 50 to 200 nm and a degree of dispersion of not more than 10. 

[0041] The pigment, which is preferably used in the present invention, may be prepared, for example, by a method 

disclosed in Japanese Patent Laid-Open No. 3498/1996. Further, the above pigment may be a commercially available 

one, and preferred examples thereof include Microjet CWI manufactured by Orient Chemical Industries, Ltd. 

[0042] The amount of the pigment added to the ink is preferably 3 to 30% by weight, more preferably about 5 to 1 7% 

by weight. 

Water-soluble organic solvent 

[0043] Examples of the water-soluble organic solvent contained in the ink according to the present invention include: 
alkyl alcohols having 1 to 4 carbon atoms, such as ethanol, methanol, butanol. propanol, and isopropanol; glycol ethers, 
such as ethylene glycol monomethyl ether, ethylene glycol monoethyl ether, ethylene glycol monobutyl ether, ethylene 
glycol monomethyl ether acetate, diethylene glycol monomethyl ether, diethylene glycol monoethyl ether, diethylene 
glycol mono-n-propyl ether, ethylene glycol mono-iso-propyl ether, diethylene glycol mono-iso-propyl ether, ethylene 
glycol mono-n-butyl ether, diethylene glycol mono-n-butyl ether, triethylene glycol mono-n-butyl ether, ethylene glycol 
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mono-t-buty ether Methylene glycol mono-t-butyl ether, 1-methyM-methoxybutanol, propylene glycol monomethyl 

n onl P n° P 1 ene . m0n ° ethy ' ^ Pr ° Py ' ene 9 ' yCo1 ™^ *her, propylene glycol mono-n-propylX; 
propylene glycol mono-,so-propyl ether, dipropylene glycol monomethyl ether dipropylene glycol monoX ether 
drpropylene glyco mono-n-propyl ether, dipropylene glycol mono-iso-propyl ether, propylene glycol moTnCy £ er 

?lT*Ts:ZT ono ~ n ~ blAyl ether: ,ormamide: acetamide; dimethyl ^ W^^SSE; 

e™^*™^^^ ° r9aniC S °' vent added 10 the ink is preferaWy 1 to 30% b ' wei ^ «™ P- f - 



Water and other arirtitivpg 



[0045] According to the ink of the present invention, water is a main solvent. Water may be pure water obtained bv 
-on exchange ultraf.ltration. reverse osmosis, distillation or the like, or ultrapure water. FJam^TSSS^ 
sterilized by ul1rav,olet irradiation or by addition of hydrogen peroxide, is suitable because, when S is Iri t a 
long period of time, it can prevent the growth of mold or bacteria. 

*? ° rd JT 9 10 3 Preferred embodiment of ,he P^sent invention, a water-soluble glycol is added to the ink Exam- 
S or 0 ™£n? r [ ^ ter - so, " b,e *«* inc,ude ethylene glycol. Methylene glycol, trielnylene glycol pro^'ene gS 
d.propylene glycol, tr.propylene glycol, polyethylene glycol having a molecular weight of not more than 2000 1 3«£ 
pylene glycol, isopropy.eneg.ycol, isobuty.eneg.ycol. 1,4-butanediol. 1 ,3-butanediol. 1.5-pentaned oM 6 SexaneSS 
J^nST* ' ^ Pentaerythrit ° l - Wate,so.ub.e g.yc 0 .s function to prevent Jink from drying in tne^oni 

IS am ° Unt ° f 1,18 9lyC °' 3ddSd 40 iS preferab, y 1 to 30% ^ wei 9 h *. ™re Preferably about 3 to 15% by 

ink° 4 ?L^ rdin9 K° 3 P referr ^ ernbodiment of the present invention, various saccharides may also be used in the 
nk. Preferred sacchandes usable herein include monosaccharides and polysaccharides More specific etamn 2 

ZZ cSSS? 9 ^ ^T?' frUCt ° Se - ribOSe ' Xy,OSe ' arabinose ' Setose, galactose, aldonic ac^ScitoTe m J 
tose. cellobiose. sucrose, trehalose, maltotriose. alginic acid and salts thereof, cyclodextrins and cellutoses' The 
amount of the saccharide added to the ink is preferably about 0.05 to 30% by weight celluloses. The 

add,tion ° f the sa pcr.aride can prevent a clogging phenomenon where the ink dries at the front end of the 
head and consequently clogs the head. In this connection, the amount of conventional saccharides i e monoTaccha 

a n eS Jf S^*^ ^ 10 ,he ink iS Preferab,y about 3 to 20% - ° n *• other hand, me amouni of algTnS 
* mS££SS^ 3dded ,0 ^ ^ iS "« » S - « »" ^scosity of S 

[0050] According to a preferred embodiment of the present invention, the ink may further comprise a surfactant Pre- 
ferred ^surfactants which may be added to the ink are those having good compatibly with oSS5£S2 oSe ink 
and. among the surfactants, those having high penetrability and good stability are preferred. PWed Zte 
hereof mclude amphoteric surfactants and nonionic surfactants. Examples of amphoteric surfaces utblTh^S 
include lauryldimeth^aminoacetic acid betaine. 2-alkyUNl-carboxymethy^^^ 

trlslL^ aCid betaine ' Po'yoctylpolyaminoe'thylglycine. and imiSSne^Sva 

lw Ex f mp,e ^ ° non,on,c surfactants usable herein include ether surfactants, such as polyoxyethylene nonylphenvl 
ether polyoxyethylene octylphenyl ether, polyoxyethylene dodecylphenyl ether, polyoxyethylene JZT^ooZ 
ye hy ene oley. ether, polyoxyethylene laury. ether, polyoxyethylene alkyl ether, a^ poUJa.kylen7S tfher mE- 

EnSTTS? aCld ' "I 6 ' Surfaclarrts ' «* as Polyoxyethyleneoleic ester, po.yoxyeWenSisteari^ Tester sS°i 
laura e. sorbrtan monostearate. sorbitan monooleate. sorbitan sesquioleate. polyoxyethylene monooleate and dSS 
yethylene stearate. and f luorosurfactants. such as f .uoroa.kyl esters and salts of perfluoroa.ky. JbSyH ^acids ft^s aSo 

Sfynd 465 U TGa'nd" T S 6XamP ' eS " ^ Surfactante E£„ |££ 

Surfyno. 465 TQ, and 104 (manufactured by A.r Products and Chemicals) and modification products thereof Addition 

of the surfactant permits the penetrability of the ink to be further efficiently regulated. Further this can offeTan ad^orS 

SXTX* ?°' Ubi,ity ° f thS COmp ° undS represented * the (I) can be imo^ed add,t ' 0na ' 

5%by weS* m ° Unt0f meSUrfactantadded totheinki spreferably0.01 to 5% by weight, more preferably about 0.1 to 

[0052] According to a preferred embodiment of the present invention, when the colorant is a pigment the ink mav 
further compose an emulsion. Addition of the emulsion can improve the fixation and rubbing/scratch TrSstance oHhl 
resultant pnnt. Preferably, the emulsion comprises a continuous phase of water and a dfcper^ £f 
methacryhc resin, styrene resin, urethane resin, acrylamide resin, or epoxy resin or a mixture ofE SS^S 
^riy preferred ,s an emulsion wherein the dispersed phase comprises a resin composed main* oflcryS acic^ Tand/or 
methacryhc acid. The res.n is not limited by copolymerization methods and may bTfor example atoS? 
random copolymer or the like. Further, preferably, the emulsion used in the ink of the present Ln b Tte^to £ 
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ing property and has a lowest possible film forming temperature of preferably room temperature or below, more prefer- 
ably 0 to 20°C. 

[0053] According to a preferred embodiment of the present invention, the resin component of the emulsion is a resin 
particle having a core/shell structure comprising a core surrounded by a shell. For example, the resin particle may be 

s constructed so that a resin component capable of improving the drying to the touch and the fixation of the ink is incor- 
porated into the core and a resin component, which permits resin particles to stably exist in the ink, is incorporated into 
the shell. According to a preferred embodiment of the present invention, the shell comprises a resin having either a 
crosslinked structure or a structure with the number of benzene nuclei being larger than that in the structure of the core. 
[0054] Materials for the shell usable herein include styrene, tetrahydrofurfuryl acrylate and butyl methacrylate, (a, 2, 

io 3, or 4)-alkylstyrene, (a, 2, 3, or 4)-alkoxystyrene, 3,4-dimethylstyrene, a-phenhylstyrene, divinylbenzene, vinylnaph- 
thalene, dimethylamino (meth)acrylate, dimethylaminoethyl (meth)acrylate, dimethylaminopropylacrylamide, N,N- 
dimethylaminoethyl acrylate, acryloylmorpholine, N,N-dimethylacrylamide, N-isopropylacrylamide, N,N-diethylacryla- 
mide, methyl (meth)acrylate, ethyl (meth)acrylate, propyl (meth)acrylate, ethylhexyl (meth)acrylate, and other alkyl 
(meth)acrylates, methoxydiethylene glycol (meth)acrylate, (meth)acrylate of an ethyl, propyl, or butyl ester of diethylene 

75 glycol or polyethylene glycol, cyclohexyl (meth)acrylate, benzyl (meth)acrylate, phenoxyethyl (meth)acrylate, isobornyl 
(meth)acrylate, hydroxyalkyl (meth)acrylate, fluorine-, chlorine-, or silicon-containing (meth)acrylate, (meth)acrylamide, 
and maleic amide. 

[0055] When a crosslinked structure is introduced in addition to the above (meth)acrylic acid, it is possible to use 
(mono, di, tri, tetra, or poly)ethylene glycol di(meth)acrylate, (meth)acrylates of 1,4-butanediol, 1,5-pentanediol, 1,6- 
20 hexanediol, 1 ,8-octanediol, and 1,10-decanediol, trimethylolpropane tri(meth)acrylate, glycerin (di or tri)(meth)acrylate, 
di(meth)acrylate of ethylene oxide adduct of bisphenol A or F, neopentyl glycol di(meth)acrylate, pentaerythritol tetra 
(meth)acrylate, and dipentaerythritol hexa(meth)acrylate. 

[0056] For the formation of the core, the same material as used in the formation of the shell may be used. 
[0057] Emulsifiers usable for the formation of the above polymeric fine particles include sodium lauryl sulfate, potas- 
25 sium laurylsulfate, anionic surfactants, nonionic surfactants, and amphoteric surfactants, which are commonly used in 
the art. 

[0058] Polymerization initiators usable herein include potassium persulfate, ammonium persulfate, hydrogen per sul- 
fate, azobisisobutyronitrile, benzoyl peroxide, dibutyl peroxide, peracetic acid, cumene hydroperoxide, t-butyl hydrox- 
yperoxide, and p-menthane hydroxyperoxide. 
30 [0059] * Chain transfer agents usable for the polymerization include t-dodecylmercaptan, n-dodecylmercaptan, n- 
octylmercaptan, xanthogen compound, such as dimethylxanthogendisulf ide or diisobutylxanthogendisulf ide, dipentene, 
indene, 1^4-cyclohexadiene, dihydrofuran, and xanthen. 

[0060] According to a preferred embodiment of the present invention, the molecular weight of the emulsion is prefer- 
ably not less than 1000, more preferably about 10,000 to 100,000. 
35 [0061] . The emulsion used in the present invention may be a commercially available one, and examples thereof 
include Z1 16 manufactured by Mitsui Toatsu Chemicals, Inc. 

[0062] The amount of the emulsion added may be properly determined. For example, it is preferably about 0.5 to 1 0% 
by weight, more preferably about 3 to 5% by weight. 

[0063] The ink of the present invention may contain, in addition to the above ingredients, other ingredients. Examples 
40 of other ingredients usable herein include preservatives, antioxidants, ultraviolet absorbers, electric conductivity adjus- 
ters, pH adjustors, viscosity modifiers, surface tension modifiers, oxygen absorbers, and nozzle clogging preventives. 
[0064] For example, sodium benzoate, pentachlorophenol sodium, 2-pyridinethiol-1 -oxide sodium, sodium sorbate, 
sodium dehydroacetate, and 1 ,2-dibenzothiazoline-3-one (Proxel CRL, Proxel BDN, Proxel GXL, Proxel XL-2, and 
Proxel TN, manufactured by ICI) may be used as preservatives or antimold in the ink of the present invention. 
45 [0065] Compounds usable as pH adjustors, solubilizers, or antioxidants in the ink include: amines, such as dieth- 
anolamine, triethanolamine, propanolamine, and morpholine, and modification products thereof; inorganic salts, such 
as potassium hydroxide, sodium hydroxide, and lithium hydroxide; ammonium hydroxide; quaternary ammonium 
hydroxide, such as tetramethylammonium; salts of carbonic acid, such as potassium carbonate, sodium carbonate, and 
lithium carbonate; salts of phosphoric acid, such as potassium phosphate, sodium phosphate, and lithium phosphate; 
50 N-methyl-2-pyrrolidone; urea compounds, such as urea, thiourea, and tetramethylurea; allophanate compounds, such 
as allophanate and methyl allophanate; biuret compounds, such as biuret, dimethylbiuret, and tetramethylbiuret; and L- 
ascorbic acid and salts thereof. 

[0066] Examples of antioxidants and ultraviolet absorbers include Tinuvin 328. 900. 1130, 384. 292, 123, 144, 622, 
770, and 292, lrgacor252 and 153, and Irganox 1010. 1076. 1035, and MD1024, manufactured by Ciba-Geigy, and lan- 
55 thanide oxides. 

[0067] Viscosity modifiers usable herein include rosin compounds, alginic acid compounds, polyvinyl alcohol, hydrox- 
ypropyl cellulose, carboxymethy! cellulose, hydroxyethyl cellulose, methyl cellulose, salts of polyacrylic acid, polyvinyl 
pyrrolidone, gum arabic, and starch. 
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Ink jet reco rding method and a pparatus • 

2„ ™ e ink jet recording method used with the ink according to the present invention refers to a recording method 
where.n a droplet of an ,nk IS ejected and deposited onto a recording medium to perform printing. Examp^s of sucTink 
jet record.no methods .nclude, for example, a method wherein an electric signal is converted to aTechartcal Snal 
using an electrostnct-ve element to intermittently eject an ink reservoired in a nozzle head section hereby nacoTno 

Sin n> ♦ ° n thS 8 T fcGa ° f 3 reC ° rdin9 mediUm ' and 3 method wherein 30 ink - reservoiredin a nozTS 
sect on. in ,ts portion very close to the ejection portion is rapidly heated to create a bubble and the ink is intermmemiv 

ejected by volume expansion created by the bubb.e to record letters or symbols on the surface of a ZortnZXm 
uSnn t SS! 7 b0dln * rt of *» present inven «°". ink of the present invention is used inTnk et reTZg 

^JXa^T *J™ ent ThlS iS b6CaUSe meth0dS inv0,vin 9 heatin 9 of the head action are likely to caSe S 
2££ A 'ngred.ents contained in the ink to be decomposed, clogging the head. 

[0069] An ink, which may contain a pigment as the colorant, having a relatively high content of a solid like the ink of 

nnZ , 'T ^ P,aC6d 8 n ° ZZle with0Ut ejection for a ,on 9 period * ** «• «kely to dry a he ron face 
th. in.T 02 , Z h ^"f f Ckenin9 ' leadi " 9 40 90 ink drOP ' et traject0r y directionality problem. In thfe case si ghtly moving 

to be stSy 5££ ^ ? ^ ° f ^ 0022,6 Can «* the ink ' P-mittingThTink 

L°£ * i I 6 ach,eved bv Pressunzng the ink. by means of pressurizing means for ejectina the ink 

with care not to cause the ink to be ejected. In the above regulation, use of an etectrostrictiJe element as SessuHz 
ng means ,s preferred from the viewpoint of easy regulation. Utilization of this mechanism can increase the c^ntenTof 

t^tT;^ 

[0070] When the above slight moving of the ink is carried out in the nozzle face of an ink jet recordina aonaratus thic 
by wSt.' S ^ ^ " ^ 8 Pi9mSnt ^ ° f *°* 5 10 1 5% by ^ moCS2?S??lS 

• 00711 tHe ink ° f thS PreS6nt invention mav ^ filled into an ink tank constructed so that a polyurethane foam 
■s provided therein and the ink comes into contact with the polyurethane foam. In this case, the SycXTSZ^ 

z^tSTT T ^ 6 Pr6Sent inV6nti ° n - and *" aCety ' ene 9lyco1 surfactafrt used in *• ^ PresertTnSZ afe 
of f ho ° tne c po r^ ane ,0am - Tnerefore - preferab, y *«* are added in an excessive amountrcSeration 
of the adsorptioa Further, the polyurethane foam can ensure a negative pressure by using the ink oHhL pr^ertlnvln 
ton and is less likely to be decomposed by ingredients of the ink used in the present invention oMo cre^a d3 
causative of clogging of the nozzle. A polyurethane foam not using a curing catalyst containing a metal St or I caS 
matenal .s preferred. Specifically, use of a polyurethane foam comprising a polyfunctional isocyanal b sue* ^oiSp 
dnsocyanate or m-xylene diisocyanate. and a materia, having a pluralrty of hydraxyl groCpsSas^ ?j£ £££3 
having an average molecular weight of about 300 to 3000. such as polypropylene glycol or polyethyLn SSdSri? 

^preferred from the vie wpo,nt of ensuring negative pressure, by virtue of the stability of foam shape an^ cSiTafst a - 

ErLh^^m 3 T? y,e r e flly ? SUrtaCtant iS Ut " ized - 3 part °' the ace, y |ene 9'^' su ^ant is adsorbed onto the 

J? re ^* , ^ the aCety ' ene 9,yCO ' surtactant is added to the j "k- the composition of the S 
J^lS^T^ Y 9 10 CmSiderati ° n the amoum of the ac «*ene glycol surfactant adsorbed omo the ur^ 

[0073] According to a preferred embodiment of the present invention, the ink of the present invention is printed bv 

XZ^T^lu^n th ? U9h f Tl ,r ° nt " d (h6ad) 01 WhiCh has a w ater-re P e..ent s^SE££ 
cally. the front end of the nozzle preferably has a structure produced by providing a stainless steel material a * , ta«. 
matenal, applying a eutectoid plating of tetraf.uoroethy.ene and nickel on L base iSSSS^TSSiS 
a water-repellent layer, .n addition, utilization of a eutectoid p.ating of tetrafluoroethytenfa^^^^^^ 

ZX2£T? h TT' t,taniUm ' 9 ° ld - P ' atinUm ' Si,ver ' ° r iridium - ins,ead of nick e' * also preferred A combinaton 
for a tong ^Aimf ^ '™ en *° n ^ "™ ^ ^ P » ntin 9 to be stab.y perf^S 

[0074] According to a more preferred embodiment of the present invention, the contact angle of the ink on the water- 
repellent surface at the front end of the nozzle is 50 degrees or above at a general operation temperature oHhe Se 
(for example. 1 5 to 60=0). According to this embodiment, improved print quality and continuous ^TnTg in 

EXAMPLES 

SS JS^ZSS^ wi " be described in more detail with re,erence to the ,0,lowing examp,es - * ouBh rt is not 

[0076] In the following description, the following abbreviations are used. 
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DEGmBE: diethylene glycol mono-n-butyl ether 

DMI: 1,3-dimethy-2-imidazolidinone 
PGmBE: propylene glycol mono-n-butyl ether 
MPD: 2-methyl-2,4-pentanedtol 
DPGmBE: dipropylene glycol mono-n-butyl ether 
TEGmBE: triethylene glycol mono-n-butyl ether 

[0077] In the following description, n, m, n' f and m' each are the average value on a weight basis of the compound 
represented by formula (I) present in the system. 

Preparation of polymeric fine particles 

[0078] Polymeric fine particles A to D used in the following examples were prepared as follows. 
Polymeric fine particle A 

[0079] Ion-exchanged water (100 parts) was placed in a reactor equipped with a dropping device, a thermometer, a 
water cooling type reflux condenser, and a stirrer. Potassium persulfate as a polymerization initiator (0.2 part) was 
added to the system with stirring in a nitrogen atmosphere at 70°C. A monomer solution was prepared by adding 0.05 
part of sodium laurylsulfate, 5 parts of styrene, 6 parts of tetrahydrofurfuryl acrylate, 5 parts of butyl methacrylate, and 
0.02 part of t-dodecylmercaptan to 7 parts of ion-exchanged water. This monomer solution was added dropwise to the 
reactor at 70°C to perform a reaction. Thus a primary compound was prepared. A 10% ammonium persulfate solution 
(2 parts) was added to the primary compound. The mixture was stirred. A reaction solution composed of 30 parts of 
ion-exchanged water, 0.2 part of potassium laurylsulfate, 30 parts of styrene, 15 parts of butyl methacrylate, 16 parts 
of butyl acrylate, 2 parts of acrylic acid, 1 part of 1,6-Hexanediol dimethacrylate, and 0.5 part of t-dodecylmercaptan 
was added to the mixture at 70°C with stirring to perform a polymerization reaction. Thereafter, the system was neutral- 
ized with ammonia and adjusted to pH 8 to 8.5, followed by filtration through a 0.3 jim filter to obtain polymeric fine par- 
ticle A as an emulsion. 

Polymeric fine particle B 

[0080] Ion-exchanged water (100 parts) was placed in a reactor equipped with a dropping device, a thermometer, a 
water cooling type reflux condenser, and a stirrer Potassium persulfate as a polymerization initiator (0.2 part) was 
added to the system with stirring in a nitrogen atmosphere at 70°C. A monomer solution was prepared by adding 0.05 
part of sodium laurylsulfate, 10 parts of styrene, 10 parts of butyl methacrylate, and 0.02 part of t-dodecylmercaptan to 
7 parts of ion-exchanged water. This monomer solution was added dropwise to the reactor at 70°C to perform a reac- 
tion. Thus a primary compound was prepared. A 10% ammonium persulfate solution (2 parts) was added to the primary 
compound. The mixture was stirred. A reaction solution composed of 30 parts of ion-exchanged water, 0.2 part of 
potassium laurylsulfate, 35 parts of styrene, 25 parts of butyl methacrylate, 10 parts of acrylic acid, 1 part of bisphenol 
A dimethacrylate, and 0.5 part of t-dodecylmercaptan was added to the mixture at 70°C with stirring to perform a polym- 
erization reaction. Thereafter, the system was neutralized with ammonia and adjusted to pH 8 to 8.5, followed by filtra- 
tion through a 0.3 pm filter to obtain polymeric fine particle B as an emulsion. 

Polymeric fine particle C 

[0081 ] Ion-exchanged water (100 parts) was placed in a reactor equipped with a dropping device, a thermometer, a 
water cooling type reflux condenser, and a stirrer. Potassium persulfate as a polymerization initiator (0.2 part) was 
added to the system with stirring in a nitrogen atmosphere at 70°C. A monomer solution was prepared by adding 0.05 
part of sodium laurylsulfate, 1 5 parts of styrene, 6 parts of benzyl methacrylate, 10 parts of butyl methacrylate, and 0.02 
part of t-dodecylmercaptan to 7 parts of ion-exchanged water. This monomer solution was added dropwise to the reac- 
tor at 70°C to perform a reaction. Thus a primary compound was prepared. A 10% ammonium persulfate solution (2 
parts) was added to the primary compound. The mixture was stirred. A reaction solution composed of 30 parts of ion- 
exchanged water, 0.2 part of potassium laurylsulfate, 30 parts of styrene, 15 parts of butyl methacrylate, 10 parts of 
acrylic acid, 1 part of triethanolpropane trimethacrylate. 1 part of 1 ,6-hexanediol dimethacrylate, and 0.5 part of t- 
dodecylmercaptan was added to the mixture at 70°C with stirring to perform a polymerization reaction. Thereafter, the 
system was neutralized with ammonia and adjusted to pH 8 to 8.5, followed by filtration through a 0.3 >im filter to obtain 
polymeric fine particle C as an emulsion. 
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Polymeric fine particle D 

[0082] Ion-exchanged water (100 parts) was placed in a reactor equipped with a dropping device, a thermometer a 
water cooling type reflux condenser, and a stirrer. Potassium persulfate as a polymerization initiator (0 2 part) was 
added to the system with stirring in a nitrogen atmosphere at 70°C. A monomer solution was prepared by adding 0 05 
part of sodium laurylsulfate, 15 parts of styrene, 15 parts of butyl methacrylate, and 0.02 part of t-dodecylmercaptan to 
7 parts of ion-exchanged water. This monomer solution was added dropwise to the reactor at 70°C to perform a reac- 
tion. Thus a primary compound was prepared. A 10% ammonium persulfate solution (2 parts) was added to the primary 
compound. The mixture was stirred. A reaction solution composed of 30 parts of ion-exchanged water 0 2 part of 
potassium laurylsulfate, 30 parts of styrene, 15 parts of butyl methacrylate, 1 part of dipentaerythritol hexamethacr- 
ylate, and 0.6 part of t-dodecylmercaptan was added to the mixture at 70°C with stirring to perform a polymerization 
reaction. Thereafter , the system was neutralized with ammonia and adjusted to pH 8 to 8.5, followed by filtration through 
a 0.3 urn filter to obtain polymeric fine particle D as an emulsion. 

15 Example A 

Preparation of inks 

[0083] In the following examples, water-soluble pigments 1 to 4 are water-soluble pigments prepared by oxidizing the 
20 surface of carbon black having a particle diameter of 1 0 to 300 nm to introduce a carbonyl-terminated group a carboxyl- 
terminated group, a hydroxyl-terminated group and/or a sulfone-terminated group into the surface of the carbon black 
The average particle diameter of the water-soluble pigments was as indicated in parentheses (unit: nm). 
[0084] The compounds of formula (I) used in Example A were compounds wherein T represents a hydrogen atom 
[0085] In the following description, water-soluble dye 1 is Direct Black 154, water soluble dye 2 Direct Yellow 132 
25 water-soluble dye 3 Direct Blue 86, and water-soluble dye 4 Acid Red 52. 

[0086] Into all the inks described below were added 0. 1 to 1 % by weight of Proxel XL-2 as a corrosion preventive for 
inks and 0.001 to 0.05% by weight of benzotriazole as a corrosion preventive for an ink jet head member. 



30 



35 
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Example Al Amount added (wt%) 

Water-soluble pigment 1 (105) 5.0 
Compound Al of formula (I) 8.0 
DEGmfiE 2 . 0 

Polymeric fine particle A 3,0 
Glycerin 6 m 0 

1 / 5-Pentanediol 5 m 0 

Triethanolamine 0 . 8 

Ion^exchanged water Balance 

Compound Al of formula (I) is a compound of formula (I) 
wherein R represents a neopentyl group,, n is 3, and m is 1.5, 

Example A2 



so 
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15 



20 



25 



30 



50 



Water-soluble pigment 2 (85) 4,5 

Compound A2 of formula (I) 10.0 

Polymeric fine particle a 3.0 

Dipropylene glycol 5.0 

Surfynol 465 1 # 2 

Tr iethanolamine 0.9 

Ion-exchanged water Balance 

Compound A2 of formula (I) is a compound of formula (I) 
wherein R represents a t-butyl group, n ie 3, and m is 1.3. 



Example A3 




Water-soluble pigment 3 (90) 


5-5 


Compound A3 of formula (I) 


10.0 


polymeric fine particle B 


10.0 


Diethylene glycol 


7.0 


Thiodiglycol 


3.5 


1 , 6-Hexanediol 


5.0 


Triethanolamine 


1,0 


Potassium hydroxide 


0.1 


Ion-exchanged water 


Balance 



Compound A3 of formula (I) is a compound of formula (I) 
wherein R represents a 1 , 3-dimethylbutyl group, n is 3, and 
m is 1.5. 





Example A4 




35 


Water-soluble pigment 4 (80) 


5.0 


Water-soluble dye 1 


1.0 




Compound A4 of formula { I ) 


8.0 




TKGmBE 


3.0 


40 


Polymeric fine particle C 


1.0 




Diethylene glycol 


3.0 




1 , 5-Pentanediol 


2.0 




Dimethyl-2-imidazolidinone 


2.0 


45 


Sodium benzoate 


0.1 




Triethanolamine 


0.7 




Ion— exchanged water 


Balance 



Compound A4 of formula ( I ) is a compound of formula ( I ) 
wherein R represents an isobutyl group, n is 3, and m is 0.5. 
Example A5 
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Water-soluble pigment 1 


(105) 


3.0 


water-soluble dye 1 




1.0 


Compound A5 of formula 


(I) 


7.0 


DEGmBE 




2.0 


Polymeric fine particle 


D 


1.0 


Glycerin 




14.0 


Triethanolamine 




0.9 


Ion-exchanged water 




Balance 



Compound A5 of formula (I ) is a mixture of 50% by weight 
of a compound of formula <l), wherein R represents an n- 
hexyl group, n is 4 , and m is 2 , with 50% by weight of a compound 
of formula (I), wherein R represents a 2-ethylhexyl group, 
n is 4, and m is 0. 

Example A6 

Water-soluble dye 2 5mQ 

Compound A6 of formula (I) s.O 

TEGmBE 4 m Q 

Glycerin 150 

Thiodiglycol 2 . o 

1 , 5-Pentanediol 1 m 0 

Triethanolamine 0 ^ 9 

Ion-exchanged water Balance 

Compound A6 of formula (I) is a compound of formula (I) 

wherein R represents a 1 , 1-dimethylbutyl group, n is 4, and 

m is 1 . 

Example A7 



water-soluble dye 3 


5.0 


Compound A7 of formula (I) 


10.0 


DEGmBE 


3.0 


Glycerin 


5.0 


Tr imet hy lol propa ne 


1 . 0 


Trimethylolethane 


1-0 


Surfynol 465 


1.0 


Triethanolamine 


0.5 


KOH 


0.05 


Ion-exchanged water 


Balance 



Compound A7 of formula (I) is a mixture of 50% by weight 
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of a compound of formula (I), wherein R represents a 
1 , 3-dimethylbutyl group, n is 3, and mis l r with 50% by weight 
of a compound of formula (I) wherein R represents a n-heptyl 
group, n is 3.5, and in is 1 . 



Example A 8 



70 


Water-soluble dye 4 


5-5 




Compound A8 of formula (I) 


6.0 




Glycerin 


5.0 


15 


Diethylene glycol 


5-0 




Tetrapropylene glycol 


5.0 




Triethanol amine 


0*9 


20 


KOH 


0,1 




Ion-exchanged water 


Balance 



Compound A8 of formula (I) is a mixture of 50% by weight 
of a compound of formula ( I ) wherein R represents a neopentyl 

25 

group, n is 1 .0, and m is 0.3, with 30% by weight of a compound 
of formula (I) wherein R represents an n-pentyl group/ n is 
2*5, and m is 1.0, and 20% by weight of a compound of formula 

30 ■ „ « 

(I) vherein R represents an isopentyl group, n xs 3-0, and 
m, is 1 - 5 ♦ 

35 

Comparative Example A 

[0087] In the following comparative examples, the term "water-soluble pigments" refers to a carbon black which has 
40 been dispersed with the aid of a styrene/acrylic random copolymer as a dispersant. and the average particle diameter 
thereof was as indicated in the parentheses (unit: nm). 
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oomparative example i 






III M 111 * j . 

Water-soluble pigment 9 (90) 


5.0 




Glycerin 


10.0 




Dispersant 


3.0 


10 


Nomonic surfactant 


1.0 




lon-excnanged water 


Balance 




Comparative Example 2 




15 


Water-soluble dye {Food Black 2) 


5.5 




DEGmME 


7.0 




Diethylene glycol 


10.0 




2-Pyrrolidone 


5.0 


20 


lon-exchanaeH waiter 


Balance 




Comparative Example 3 






Water-soluble pigment 11 (110) 


5.5 


25 


Water-soluble dye (Food Black 2) 


2.5 




Diethylene glycol 


10.0 




Nonionic surfactant 


1.0 




Ion-exchanged water 


Balance 



Print evaluation tpgt 



35 



40 



45 



[0088] Characters were printed using the inks prepared in Examples A1 to A8 and Comparative Examples A1 to A3 
by means of an ink jet printer MJ-930C (manufactured by Seiko Epson Corp.). Papers used for the US^^ 
queror, Favorit, Modo Copy Rapid Copy, EPSON EPP, Xerox 4024, Xerox* i 0, Neenha Bond . W^S? YamaS 
fn^ er °^ R PaperS are ^ ain Papers comm ercially available in Europe, America, and Japan " 
mono I PnntS thUS obtained were evaluated for feathering according to the following criteria 
SSL ^ SUmm9 tha * 1 ° t0 *° mg of a s P herical ink dr °P'et was spread in a circular form on the surface of paper the 
radius of an circumscnbed circle, r2. to the radius of an inscribed circle, rl , that is, r2/n , in the formed ink dot ^was deter 
mined. The results were evaluated according to the following criteria. 



A: r2/r1 ^ 2.0 
B: 2.0 < r2/r1 
C: 4.0 < r2/r1 
D: 6.0 < r2/r1 



4.0 
6.0 



[0091] The results of evaluation were as summarized in the following table. 



so 



55 



Conqueror 



Favorit 



Modo Copy 



Ex. A 



8 



Comp.Ex. A 



D 



D 
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(continued) 





Ex. A 


Comp.Ex. A 




1 


2 


3 


4 


5 


6 


7 


8 


1 


2 


3 


Rapid Copy 


A 


A 


A 


A 


A 


A 


A 


A 


C 


D 


D 


EPSON EPP 


A 


A 


A 


A 


A 


A 


A 


A 


C 


C 


D 


Xerox P 


A 


A 


A 


A 


A 


A 


A 


A 


c 


D 


D 


Xerox 4024 


A 


A 


A 


A 


A 


A 


A 


A 


c 


D 


D 


Xerox 10 


A 


A 


A 


A 


A 


A 


A 


A 


B 


D 


D 


Neenha Bond 


A 


A 


A 


A 


A 


A 


A 


A 


C 


D 


D 


Ricopy 6200 


A 


A 


A 


A 


A 


A 


A 


A 


B 


C 


D 


Yamayuri 


A 


A 


A 


A 


.A 


A 


A 


A 


D 


D 


D 


Xerox R 


A 


A 


A 


A 


A 


A 


A 


A 


C 


D 


D 



Example B 

20 

[0092] In the following examples, water-soluble pigments 1 to 4 are water-soluble pigments prepared by oxidizing the 
surface of carbon black having a particle diameter of 10 to 300 nm to introduce a carbonyl-terminated group, a carboxyl- 
terminated group, a hydroxyl-terminated group and/or a sulfone-terminated group into the surface of the carbon black. 
The average particle diameter of the water-soluble pigments was as indicated in parentheses (unit: nm). 
25 [0093] The compounds of formula (I) used in Example B were compounds wherein T represents a hydrogen atom. 
[0094] In the following description, water-soluble dye 1 is Direct Black 154, water-soluble dye 2 Direct Yellow 132, 
water-soluble dye 3 Direct Blue 86, and water-soluble dye 4 Acid Red 52. 

[0095] Into all the inks described below were added 0.1 to 1% by weight of Proxel XL-2 as a corrosion preventive for 
inks and 0.001 to 0.05% by weight of benzotriazole as a corrosion preventive for an ink jet head member. 

30 

Example Bl Amount added <wt%) 

Water-soluble pigment 1 (105) 5.0 
Compound Bl of formula (I) 8.0 
DEGmBE 2 - 0 



40 



45 
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Polymeric fine particle A 3,0 

Diethylene glycol 16.0 

2-Pyrrolidone 5^0 

Triethanolamine 0 m g 

Ion-exchanged water Balan 



The compound Bl of formula (I) is a compound of formula 
(I) wherein R represents an Ra-neopentyl group (Ra-(2,2~ 
dimethyl) propylene group), n + n' is 3, and m + m* is 1.5. 

Example B2 

Water-soluble pigment 2 (85) 4.5 



Compound B2 of formula (I) 10.0 

Polymeric fine particle A 3.0 

Dipropylene glycol 5.0 

Surfynol 4 65 1^2 

Triethanolamine 0 . 9 

Ion-exchanged water Balance 



The compound B2 of formula (I) is a compound of formula 
(I) wherein R represents an Ra-t-butyl group <Ra-(l,l- 
dimethyl ) ethylene group), n + n' is 3, and m + m* is 1,3. 



Example S3 

Water-soluble pigment 3 (90) 5.5 

Compound B3 of formula (I) 2.0 

Polymeric fine particle B 10.0 

Diethylene glycol 7„q 

Thiodiglycol 3 m 5 

1 , 6-Hexanediol 5 m q 

Triethanolamine i m Q 

Potassium hydroxide q # 1 

Ion-exchanged water Balance 



The compound B3 of formula (I) is a compound of formula 
(I) where R represents an Ra-l,3-dimethylbutyl group 
(Ra-(1 ,3 -dimethyl )butylene group), n + n* is 3, and m + m' 
is 1.5* 

Example B4 

Water-soluble pigment 4 (80) 5.0 

Water-soluble dye 1 i # q 

Compound B4 of formula (I) $.0 
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TEGmBE 


3 .0 


Polymeric fine particle C 


1 -0 


Diethylene glycol 


3*0 


1 , 5-Fentanediol 


2.0 


Dimethyl-2-imidazolidinone 


2-0 


Sodium benzoate 


0.1 


Triethanolamine 


0.7 


Ion-exchanged water 


Balance 



The Compound B4 of formula (I) is a compound of formula 
75 (I) wherein R represents an Ra-isobutyl group (a 1- 

methylpropenyl group), n + n 1 is 3, and m + nr is 0.5. 



Ex ample B5 





water-soluble pigment 1 (105) 


3.0 


20 


Water-soluble dye 1 


1*0 




Compound B5 of formula (I) 


7,0 




DEGmBE 


2.0 


25 


Polymeric fine particle D 


1.0 




Glycerin 


14.0 




Triethanolamine 


0.9 




Ion-exchanged water 


Balance 



30 The compound B5 of formula (I) is a mixture of 50% by 

weight of a compound of formula ( I ) , wherein R represents 
an Ra-n-hexyl group (an Ra-n-hexylene group), n + n f is -4, 
and m + m' is 2, with 50% by weight of a compound of formula 

35 (I) wherein R represents an Ra-2-ethylhexyl group (an 

Ra-2-ethylhexylene group) , n + n* is 4, and m m* is 0. 



Example B6 

4Q Water-soluble dye 2 5.0 

Compound B6 of formula (I) 6.0 

TEGmBE 4 . 0 

Glycerin 15*0 

45 Thxodiglycol 2 . 0 

1 , 5-Pentanediol 1 . 0 

Triethanolamine 0 . 9 

Ion-exchanged water Balance 



The compound B6 of formula (i> is a compound of formula 
(I) wherein R represents an Ra-1 , 1-dimethylbutyl group (an 
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Ra-l,l-dimethylbutylene group), n + n' is 4, and m + m' is 
1. 

Example B7 

Water-soluble dye 3 5- q 
Compound B7 of formula (I) 10 .o 

DEGmBE 3 q 

Glycerin 5 0 

Trimethylolpropane ^ ^ q 

Trimethylolethane 2 _ 0 

Surfynol 465 1>0 

Triethanolamine 0 5 

ion-exchanged water Balance 
The compound B7 of formula (I) is a mixture of 50% by 
weight of a compound of formula (I), wherein R represents 
an Ra-i,3-dimethylbutyl group (an Ra-1 , 3-dimethylbutyl 
group) , n + n' is 3, and m + vx f is l, with 50% by weight of 
a compound of formula (I) wherein R represents an Ra-n-heptyl 
group (an Ra-n-heptylene group), n + n - is 3.5, and m + lit- 
is 1. 

Example B8 

Water-soluble dye 4 55 
Compound B8 of formula (I) 6i0 
Glycerin 5 # Q 

Oiethylene glycol 5 m Q 

Tetrapropylene glycol 5#0 
Triethanolamine 0 ^ 9 

Ion-exchanged water Balance 

The compound B8 of formula (X) is a mixture of 50% by 
weight of a compound of formula (I) wherein R represents an 
Ra-neopentyl group (an Ra-( 2, 2-diroethyl propylene group), 
n + n- is l.o, and m + m' is 0.3, with 30% by weight of a 
compound of formula (I), wherein R represents an Ra-n-pentyl 
group (an Ra-n-pentylene group), n + n- is 2.5, and m + m' 
is 1.0, and 20% by weight of a compound of formula ( I ) wherein 
R represents an Ra-isopentyl group (an Ra- ( 1 -methyl )butylene 
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group), n + n' is 3.0/ and m + m' is 1.5. 

5 

Print evaluation test 

[0096] In the same manner as in Examples A1 to A8 and Comparative Examples B1 to B3, the inks of Examples B1 
10 to B8 were subjected to a print evaluation test, and the prints were evaluated for feathering. The results were as sum- 
marized in the following table. 





Ex. B 




1 


2 


3 


4 


5 


6 


7 


8 


Conqueror 


A 


A 


A 


A 


A 


A 


A 


A 


Favorit 


A 


A 


A 


A 


A 


A 


A 


A 


Modo Copy 


A 


A 


A 


A 


A 


A 


A 


A 


Rapid Copy 


A 


A 


A 


A 


A 


A 


A 


A 


EPSON EPP 


A 


A 


A 


A 


A 


A 


A 


A 


Xerox P 


A 


A 


A 


A 


A 


A 


A 


A 


Xerox 4024 


A 


A 


A 


A 


A 


A 


A 


A 


Xerox 10 


A 


A 


A 


A 


A 


A 


A 


A 


Neenha Bond 


A 


A 


A 


A 


A 


A 


A 


A 


Ricopy 6200 


A 


A 


A 


A 


A 


A 


A 


A 


Yamayuri 


A 


A 


A 


A 


A 


A 


A 


A 


Xerox R 


A 


A 


A 


A 


A 


A 


A 


A 



35 

Example C 

[0097] Pigments 1 to 4 below were used in the following examples. 

40 

Pigment 1 

[0098] A styrene/acrylic acid copolymer (weight average molecular weight 25000, acid value 200) (4 parts), 2.7 parts 
of triethanolamine, 0.4 part of isopropyl alcohol, and 72.9 parts of ion-exchanged water were completely dissolved in 
45 one another with heating at 70 °C. Carbon black MA- 100 (manufactured by Mitsubishi Kasei Corp.) (20 parts) was 
added to the solution. After premixing, dispersion was carried out by means of Eiger Mill (manufactured by Eiger Japan) 
to an average pigment particle diameter of 100 nm (percentage beads packing 70%, media diameter 0.7 mm) to obtain 
pigment 1 as a pigment dispersion. For pigment 1 , the average diameter of dispersed particles was 105 nm. 

so Pigment 2 

[0099] A dispersion of pigment 2 was prepared in the same manner as used in the preparation of the dispersion of 
Pigment 1 . For pigment 2, the average diameter of dispersed particles was 85 nm. 

55 Pigments 3 and 4 

[0100] Pigments 3 and 4 were prepared by oxidizing (nitrating) the surface of carbon black to introduce a carbonyl- 
terminated group and/or a carboxyl -terminated group into the surface of the carbon black. Pigments 3 and 4 respec- 
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lively had an average diameter of dispersed particles of 90 nm and an average diameter of dispersed particles of 80 
4Md ReS K f0 " 0Win9 deSCripti ° n ' dye 1 iS D,Yect B,ack 154 ' 2 Direct Ye »™ 132, dye 3 Direct Blue 86, and dye 

Example CI Amount added (vt%) 

Pigment 1 50 

Compound CI of formula (I) 15.0 
DEGmBE 2 o 

Glycerin 60 
1 , 5-Pentanediol 5 m 0 

Triethanolamine 0 m Q 

Ion-exchanged water Balance 

The compound CI of formula (I) is a compound of formula 
(I) wherein R represents a aeopentyl group, n is 1.0, m is 
1.5, and T represents so 3 M wherein M represents sodium. 
Example C2 

Pigment 2 4 5 

Compound C2 of formula (I) 10 .o 
Dipropylene glycol 5 ^ 0 
Surfynol 4 65 ^ 2 

Triethanolamine 0 9 

ion-exchanged water Balance 

The compound C2 of formula (I) is a compound of formula 
(I) wherein R represents a t-butyl group, n is 1 . 0, m is 2 . 0 , 
and T represents SO,M wherein M represents triethanolamine. 
Example C3 

Pigment 3 5 5 



40 



45 



50 



55 
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Compound C3 of formula (I) 10.0 
Diethylene glycol 7,0 
Thiodiglycol 3.5 
1 , 6-Hexanediol 5 . 0 

Tr iethanolamine 1*0 
Potass ium hydroxide 0 . 1 

Ion-exchanged water Balance 



The compound C3 of formula (I) is a compound of formula 
(I) wherein R represents a 1 , 3-dimethylbutyl group, n is 0, 
m is 4.5, and T represents SQ 3 M wherein M represents H . 

Example C4 



Pigment 4 


5,0 


Dye 1 


1.0 


Compound C4 of formula (I) 


8.0 


TEGmBE 


3.0 


Diethylene glycol 


3.0 


1 , 5-Pentanediol 


2.0 


Dimethyl -2 -imidazol idinone 


2.0 


Sodium benzoate 


0.1 


Tr iethanolamine 


0.7 


Ion— exchanged water 


Balance 



The compound C4 of formula (I) is a compound of formula 
(I) wherein R represents an isobutyl group , n is 3*0, m is 
1.0, and T represents SO-,M wherein M represents ammonia. 



Example C5 

Pigment 1 3.0 
Dye 1 1 # 0 

Compound C5 of formula (I) 7.0 

DEGmBE 2 . 0 

Glycerin 14.0 
Triethanolamine 0 . 9 

Ion-exchanged water Balance 



The compound C5 of formula (I) is a mixture of 50% by 
weight of a compound of formula (I) wherein R represents an 
n-hexyl group, nis 4.0, mis 1.0, and T represents S0 3 M wherein 
M represents potassium, with 50% by weight of a compound of 
formula (I) wherein R represents a 2-ethylhexyl group, n is 
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2.0, m is 1.0, and T represents so 3 W wherein M represents 
potassium. 

Example C6 

D * e 2 s.o 

Compound C6 of formula (I) 6Q 

TEGmBE 4 ] 0 

Glycerin 15>0 

Thiodiglycol 2 o 

X , 5-Pentanediol ■, Q 

Triethanolamine 0 _ g 

Ion-exchanged water Balance 

The compound C4 of formula (I) is a compound of formula 
(I) wherein R represents a 1 , 1-dimethylbutyl group, n is 7.0, 

m is 1.0, and T represents SO,M wherein M represents lithium. 
Example C7 

D * e 3 5.0 

Compound C7 of formula (I) ^0.0 

DEGmBE 3 0 

Glycerin 5 * Q 

Trimethylolpropane 2 0 

Trimethylolethane 10 

Surfynol 4 65 ± Q 

Triethanolamine 0 5 

KOH 0.05 
ion-exchanged water Balance 

The compound C4 of formula (I) is a mixture of 50% by 
weight of a compound of formula (I), wherein R represents 
an n-butyl group, n is 9.0, m is 1.0, and T represents S0,M 
wherein H represents sodium, with 50% by weight of a compound 
of formula (I) wherein R represents an n-heptyl group, n is 
3.5, m is 2.0, and T represents S0,M wherein M represents 
potassium) . 

Example C8 

Dye 4 5.5 

Compound C8 of formula (I) 6 _ 0 
Glycerin 5 ^ Q 

Dietnylene glycol 5 m Q 
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Tetrapropylene glycol 
Triethanolamine 



0,9 



5.0 



KOH 



0.1 



Ion-exchanged water 



Balance 



The compound C8 of formula (I) is a mixture of 50% by 
weight of a compound of formula (I), wherein R represents 
a neopentyl group, n is 0/ m is 1.0, and T represents S0 3 M 
wherein M represents potassium, with 30% by weight of a 
compound of formula (I), wherein R represents an n-pentyl 
group r n is 2.5, m is 1.0, and T represents S0 3 M wherein M 
represents ammonia, and 20% by weight of a compound of formula 
(I) wherein R represents an isopentyl group, n is 3.0, m is 
1*5, and T represents S0 3 M wherein M represents sodium* 
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Comparative Example C 
[0102] 



10 



15 



20 



25 



30 



35 



40 



Comparative Example 
C1 



Pigment 1 
Glycerin 
Dispersant 
Nonionic surfactant 
Ion-exchanged water 



5.0 
10.0 
3.0 
1.0 
Balance 



Nonionic surfactant: Noigen EA-160 manu 
fauctured by Dai-ichi Kogyo Seiyaku Co., 
Ltd. 



Comparative Example 
C2 




Dye 2 


5.5 


DEGmME 


7.0 


Diethylene glycol 


10.0 


2-Pyrrolidone 


5.0 


Ion-exchanged water 


Balance 


Comparative Example 
C3 




Pigment 3 


5.5 


Dye 1 


2.5 


Diethylene glycol 


10.0 


Nonionic surfactant 


1.0 


Ion-exchanged water 


Balance 



Nonionic surfactant: Evan 450 manufac- 
tured by Dai-ichi Kogyo Seiyaku Co., Ltd. 



Print evaluation test 

45 [0103] In the same manner as in Examples A1 to A8 and Comparative Examples B1 to B3, the inks of Examples C1 
to C8 and Comparative Examples C1 to C3 were subjected to a print evaluation test, and the prints were evaluated for 
feathering. The results were as summarized in the following table. 





Ex. C 


Comp.Ex. C 




1 


2 


3 


4 


5 


6 


7 


8 


1 


2 


3 


Conqueror 


A 


A 


A 


A 


A 


A 


A 


A 


C 


C 


C 


Favorit 


A 


A 


A 


A 


A 


A 


A 


A 


D 


D 


D 


Modo Copy 


A 


A 


A 


A 


A 


A 


A 


A 


C 


D 


D 
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(continued) 





Ex. C 


Comp.Ex. C 




1 


2 


3 


4 


5 


6 


7 


8 


1 


2 


3 


Rapid Copy 


A 


A 


A 


A 


A 


A 


A 


A 


D 


D 


D 


EPSON EPP 


A 


A 


A 


A 


A 


A 


A 


A 


C 


C 


D 


Xerox P 


A 


A 


A 


A 


A 


A 


A 


A 


C 


C 


D 


Xerox 4024 


A 


A 


A 


A 


A 


A 


A 


A 


D 


D 


D 


Xerox 10 


A 


A 


A 


A 


A 


A 


A 


A 


C 


D 


D 


Neenha Bond 


A 


A 


A 


A 


A 


A 


A 


A 


C 


D 


D 


Ricopy 6200 


A 


A 


A 


A 


A 


A 


A 


A 


D 


C 


D 


Yamayuri 


A 


A 


A 


A 


A 


A 


A 


A 


D 


D 


D 


Xerox R 


A 


A 


A 


A 


A 


A 


A 


A 


D 


D 


D 



Storage stability test 

20 

[0104] The inks prepared in Examples C1 to C8 were placed in sample bottles made of glass. The bottles were her- 
metically sealed, and allowed to stand at 60°C for one week. At the end of this storage period, the inks were inspected 
for a change in occurrence sediments and a change in property values (viscosity and surface tension) from the inks 
before the standing. As a result, for all the inks, substantially no change occurred in occurrence of sediments and in 
25 property values. 

Example D 

Pigment dispersion 

30 

[0105] Pigment dispersions used in Examples D1 to D4 were prepared as follows. A styrene/acrylic acid copolymer 
(weight average molecular weight 25000, acid value 200) (4 parts), 2.7 parts of triethanolamine, 0.4 part of isopropyl 
alcohol, and 72.9 parts of ion-exchanged water were completely dissolved in one another with heating at 70°C. Carbon 
black MA- 100 (manufactured by Mitsubishi Kasei Corp.) (20 parts) was added to the solution. After premixing, disper- 
35 sion was carried out by means of Eiger Mill (manufactured by Eiger Japan) to an average pigment particle diameter of 
1 00 nm (percentage beads packing 70%, media diameter 0.7 mm) to obtain a pigment as a pigment dispersion. For the 
pigment thus obtained, the average diameter of dispersed particles was 105 nm. 

Water-soluble pigment 

40 

[0106] The water-soluble pigment used in Example D5 is a water-soluble pigment prepared by oxidizing (nitrating) the 
surface of carbon black to introduce a carbonyl -terminated group and/or a carboxyl -terminated group into the surface. 
The average diameter of dispersed particles was 120 nm. 

[0107] The compound of formula (I) used in Example D is a mixture of compounds of formula (I) wherein EO repre- 
45 sents -CH 2 CH 2 0-, PO represents -CH(CH 3 )-CH 2 0-, and T represents a hydrogen atom, R, EO, PO, and T being 
attached to one another in that order to represent formula R-(EO)n-(PO)m-T. 
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Example Dl Amount added (wt%) 

Pigment dispersion 1 5 0 

Compound Dl of formula (I) 8 .0 

DEGmBE 2 . 0 

Glycerin 6 # 0 

1 / 5-Pentanediol 5 0 

Triethanolamine 0 m Q 

Ion-exchanged water Balance 

The compound Dl of formula (I) is a compound of formula 
) wherein R represents a neopentyl group, n is 3, and m 
1.5- 

Example D2 

P igment d ispers ion 4 m 5 

Compound D2 of formula (I) 10.0 

Dipropylene glycol 5-0 

Surfynol 4 65 12 

Triethanolamine 0 # 9 

Ion-exchanged water Balance 

The compound D2 of formula (I) is a compound of formula 
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(I) wherein R represents a t-butyl group, n is 3, and m is 



1.3. 

Example D3 

Pigment dispersion 5-5 

Compound D3 of formula (I) 10.0 

Diethylene glycol 7 „ 0 

Thiodiglycol 3,5 

I , 6-Hexanediol 5,0 

Triethanolamine 1 • 0 

Potassium hydroxide 0-1 

Ion-exchanged water Balance 



The compound D3 of formula (I) is a compound of formula 
(I) wherein R represents a 1 , 3-dimethylbutyl group, n is 3, 
and m is 1 . 5 . 



Example D4 



Pigment dispersion 


5.0 


Compound D4 of formula ( I ) 


8.0 


TEGmBE 


3.0 


Diethylene glycol 


3.0 


1 , 5-Pentanediol 


2.0 


D ime t hy 1 - 2 - imida zo 1 id i no ne 


2.0 


Sodium benzoate 


0.1 


Triethanolamine 


0.7 


Ion-exchanged water 


Balance 



The compound D4 of formula (I) is a compound of formula 
(I) wherein R represents an isobutyl group, n is 3, and m 



is 0.5. 

Example D5 

Water-soluble pigment 3.0 

Compound D5 of formula (I) 7-0 

DEGmBE 2 . 0 

Glycerin 14.0 

Triethanolamine 0 - 9 

Ion-exchanged water Balance 



The compound D5 of formula (I) is a mixture of 50% by 
weight of a compound of formula (I), wherein R represents 
an n-hexyl group, n is 4 , and m is 2, with 50% by weight of 
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10 



15 



20 



25 



30 



a compound of formula (I) wherein R represents a 2-ethylhexyl 
group, n is 4, and m is 0. 



Evaluation test 

F°pf L ^iSf P v rep3red in Exam P ,es 01 10 05 were P™* on Conqueror, Favorit, Modo Copy, Rapid Copy EPSON 
Z£™ 402 t' X H er ° X 1 °; Neenha Bond ' Ric °Py 620 °- Yam W and Xerox R papers. The prints were insS for 
the sharpness of edges and the rapid dryness of printed images and evaluated according to the following crSria The 
evaluation results were expressed in terms of the average value on data for the various papers. 

Item 1 . Sharpness of edge 
[0109] 

a' Fo?In^n nte ? T T S ^ * featherinQ and having Sharp independently of types of papers 

B. For some printed patterns, somewhat unsharped edges having no practical problem were found with the dL- 
ence in edge sharpness being small among types of papers 

t^t^S^ZT"- the printed patterns ^ from unsharped ed9es and ima9e 

Item 2. Rapid dryness 
[0110] 

A: 30 sec after printing, touching of the prints by a finger did not cause smearing 
B: 30 sec after printing, touching of the prints by a finger caused smearing. 



[01 1 1 ] The results were as summarized in the following table. 



35 



40 



45 



50 



55 



Ex. No. 


D1 


D2 


D3 


D4 


D5 


Evaluation 1 


B 


A 


B 


A 


B 


Evaluation 2 


A 


A 


A 


A 


A 



Example E 

[01 11 2] In the following examples, water-soluble pigments 1 to 4 are water-soluble pigments prepared by oxidizing the 
surface of carbon black having a particle diameter of 1 0 to 300 nm to introduce a car^yHer^n^ZZ^TcaZZ 
terminated group a hydroxy.-terminated group and/or a sulfone-terminated group into the surttoSttSSiSffi 
The average part.de diameter of the water-soluble pigments was as indicated in parentheses (unit nm) 
[0113] The compound of formula (I) used in Example E is a mixture of a compound of formula (I) wherein T pre- 
sents « hydrogen atom. R, EO, PO. and T being attached to one another in that order to represent ormula R-SnT 
(PO)m1-T. with a compound of formula (I) wherein T represents a hydrogen atom. R. PO. EO. and T be^na amS to 
one another ,n that order to represent formula R-(PO)m2-(EO)n2-T The former compound will be heSfSTre^ed 

n^ ro 7°u Wh ' !e * e ,atter COmpound be hereinafter ^erred ^ as "compound (U2) » 

[0114] In the following description, water-soluble dye 1 is Direct Black 154. water-soluble dve 2 Direct Yellow 
water-soluble dye 3 Direct Blue 86. and water-soluble dye 4 Acid Red 52 ' 

into and oroftannS ^ ^ add8d °' 1 ,0 1% by Weight 0f Proxel XL " 2 as a preventive for 

inks and 0.001 to 0.05% by weight of benzotr.azole as a corrosion preventive for an ink jet head member 
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Example £1 
Water-soluble pigment 1 (105) 
Compound El of formula (1-1) 
Compound El of formula (1-2) 
DEGmBE 

Polymeric fine particle A 
Diethylene glycol 
2 -Pyrrol idone 
Ion-exchanged water 



Amount added ( wt % ) 



Balance 



16.0 



3,0 



3.0 



5,0 



1.0 



1.0 



5-0 



The compound El of formula (1-1) is a compound of 
formula (I) wherein Rl represents a neopentyl group, nl is 
3/ and ml is 1.5. The compound El of formula (1-2) is a 
compound of formula (I) wherein R represents a hexyl group, 
n2 is 5 r and m2 is 2. 



Example E2 
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Water-soluble pigment 2 (85) 4.5 
Compound E2 of formula (1-1) 2-0 
Compound e2 of formula (1-2) 1,0 
Polymeric fine particle A 3,0 
Dipropylene glycol 5. 0 
Surfynol 465 ^ 2 

ion-exchanged water Balance 

The compound E2 of formula (1-1) is a compound of 
formula (I) wherein Rl represents a t-butyl group, ni is 3, 
and ml is 1 . 3 . The compound E2 ot formula ( 1-2 ) is a compound 
of formula (I) wherein R represents an iso-butyl group, n2 
is 3, and m2 is 1. 
Example E3 





Water-soluble pigment 3 (90) 


5.5 




Compound E3 of formula (1-1) 


1,0 




Compound E3 of formula (1-2) 


2.0 


25 


Polymeric fine particle B 


10.0 




Diethylene glycol 


7.0 




Thiodiglycol 


3.5 




1 / 6-Hexanediol 


5.0 


30 


Potassium hydroxide 


0.1 




Ion-exchanged water 


Balance 



The compound E3 of formula <i~l) and the compound E3 
of formula (1-2) each are a compound of formula (I) wherein 
R represents a 1 , 3-dimethylbutyl group, nl + n2 is 3, and 
ml + m2 is 1.5. 

Example E4 

Water-soluble pigment 4 (80) 5 . 0 

Water-soluble dye 1 . ± Q 

Compound E4 of formula (1-1) 4 . 0 

Compound E4 of formula (1-2) 4.0 

TEGmBE n 

3.0 

Polymeric fine particle C lfc0 
Diethylene glycol 30 
1 / 5-Pentanediol 2 0 

Dimethyl-2-imidazolidinone 2 . 0 

Sodium benzoate n ^ 
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Triethanolamine 0 . 7 

Ion-exchanged water Balance 

The compound E4 of formula (1-1) and the compound E4 
of formula (1-2) each are a compound of formula (I) wherein 
R represents an isobutyl group, nl + n2 is 3, and ml + ml 
is 0.5. 

Example E5 



Water-soluble pigment 1 


(105) 


3.0 


water-soluble dye 1 




1.0 


Compound E5 of formula 


(1-1) 


4.0 


Compound E5 of formula 


(1-2) 


3.0 


DEGmBE 




2.0 


Polymeric fine particle 


D 


1.0 


Glycerin 




10.0 


Diethylene glycol 




4.0 


Ion-exchanged water 




Balance 



The compound E5 of formula (1-1) and the compound E5 
of formula (1-2) each are a mixture of 50% by weight of a 
compound of formula (I) , wherein R represents an n-hexyl group, 
nl + n2 is 4, and ml + m2 is 2 , with 50% by weight of a compound 
of formula (I) wherein R represents a 2-ethylhexyl group. 



nl + n2 is 4/ and ml + m2 is 0. 
Example E6 

Water-soluble dye 2 5.0 

Compound E6 of formula (1-1) 5.0 

Compound E6 of formula (1-2) 1.0 

TEGmBE 4 - 0 

Glycerin 10.0 

Thiodiglycol 2 . 0 

1 , 5-Pentanediol 1 . 0 

Ion-exchanged water Balance 



The compound E6 of formula (1-1) and the compound E6 
of formula (1-2) each are a compound of formula (I) wherein 
R represents a 1 , 1-dimethylbutyl group, nl + n2 is 4, and 
ml + m2 is 1. 

Example E7 

Water-soluble dye 3 5.0 
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Compound E7 of formula (1-1) 8.0 

Compound E7 of formula (1-2) 2*0 

DEGmBE 3 # o 

Glycerin 5 r q 

Tr imethy lolpropane 1 m 0 

Trimethylol ethane 1 m 0 

Surfynol 465 1,0 

KOH 0.05 
Ion-exchanged water Balance 

The compound E7 of formula (1-1) and the compound E7 
of formula (1-2) each are a mixture of 50% by weight of a 
compound of formula (I), wherein R represents a 1,3- 
dimethylbutyl group, nl + n2 is 3, and ml + m2 is l, with 
50% by weight of a compound of formula ( I ) wherein R represents 
an n-heptyl group, nl + n2 is 3.5, and ml + m2 is L 
Example E8 

Water-soluble dye 4 5^5 
Compound E8 of formula (1-1) 3.0 
Compound E8 of formula (1-2) 3,0 
Glycerin 5-0 
Diethylene glycol 5^0 
Tetrapropylene glycol 5^0 
ron-exchanged water Balance 

The compound E8 of formula (1-1) and the compound E8 
of formula (1-2) each are a mixture of 50% by weight of a 
compound of formula ( I ) wherein R represents a neopentyl group, 
nl + n2 is l.o, and ml + m2 is 0.3, with 30% by weight of 
a compound of formula (I) wherein R represents an n-pentyl 
group, nl + n2 is 2.5, and ml + m2 is 1.0, and 20% by weight 
of a compound of formula (I) wherein R represents an isopentyl 
group, nl + n2 is 3,0, ml + m2 is 1,5, 



Print evaluation test 



so [01 1 6] In the same manner as in Examples A1 to A8 and Comparative Examples B1 to B3, the inks of Examples E1 
to E8 were subjected to a print evaluation test, and the prints were evaluated for feathering. The results were as sum- 
marized in the following table. 
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Ex. E 
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ravont 


A 

A 


A 
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A 
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A 
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Modo Copy 
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A 
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Rapid Oopy 
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A 
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EPSON Err 


A 
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xerox r 
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Xerox 4024 
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A 
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Xerox 10 
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Neenha Bond 
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A 
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Ricopy 6200 
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Yamayuri 
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Xerox R 
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A 


A 


A 
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Claims 

1 . An ink for ink jet recording, comprising at least a water-soluble colorant, a water-soluble organic solvent, water, and 
a mixture of two or more compounds represented by formula (I): 

R-[(EO)n-(PO)m]k-T 

wherein 

EO represents an ethyleneoxy group; 
PO represents a propyl eneoxy group; 

T represents an OH group or SO3M wherein M represents a hydrogen atom, an alkali metal, an inorganic base, 

or an organic amine; 

m and n are each an integer; 

k is a natural number of not less than 1 ; and 

R represents a C a H 2a -k-i group (where a represents natural number at 4 to 10) or an Ra-C a H 2a _ k _ 2 group 
(where a represents natural number of 4 to 1 0) wherein Ra represents a group represented by formula 

T-[(PO)m'-(EO)nlk- 

wherein 

EO, PO, T and k each are as defined above; and 
n* and m' are respectively n and m, 

EO and PO being arranged, regardless of order in the parentheses, randomly or as blocks joined together, 
n or n + n' being 1 to 10 with morm+m' being 0 to 5 when n and m and n' and m' are expressed in terms of 
the average value for the mixture of compounds represented by formula (I) contained in the ink. 

2. The ink according to claim 1 , wherein the compounds, represented by formula (I), constituting the mixture each are 
such that R represents a C a H 2a -k-i Q r °up and T represents a hydrogen atom. 

3. The ink according to claim 1 , wherein the compounds, represented by formula (I), constituting the mixture each are 
such that R represents an Ra-C a H 2a . k _ 2 group and T represents a hydrogen atom. 



33 



1 
p 



5 



10 



EP 0 978 547 A1 

4. The ink according to claim 1 , wherein the compounds, represented by formula (I), constituting the mixture each are 
such that R represents a C a H 2a -k-i group and T represents S0 3 M. 

5. The ink according to claim 1 , wherein the compounds, represented by formula (I), constituting the mixture each are 
such that Ft represents a C a H 2a .k-i group, EO represents -CH 2 CH 2 0-, PO represents -CH(CH 3 )-CH 2 0-, and T rep- 
resents a hydrogen atom, R, EO, PO, and T being attached to one another in that order to represent formula R- 
(EO)n-(PO)m-T. 

6. The ink according to claim 1 , wherein the mixture of compounds represented by formula (I) is composed of: 

a compound represented by formula (I) wherein R represents a C a H 2a .^ group and T represents a hydrogen 
atom, R, EO, PO, and T being attached to one another in that order to represent formula R-(EO)n-(PO)m-T; 
and 

a compound represented by formula (I) wherein R represents a C a H2a- k -i group and T represents a hydrogen 
atom, R, EO, PO, and T being attached to one another in that order to represent formula R-(PO)m-(EO)n-T. 

7. The ink according to any one of claims 1 to 6. wherein n and m in the mixture of compounds represented by formula 
(I) satisfy n/m is 0.5. 

20 8. The ink according to any one of claims 1 to 7, wherein the compound represented by formula (I) has an average 
molecular weight of not more than 2000. 

9. The ink according to any one of claims 1 to 8, wherein the mixture of compounds represented by formula (I) is com- 
posed of: 



75 



25 



30 
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a compound represented by formula (I) wherein R represents a butyl, pentyl. hexyl, heptyl, octyl, nonyl or 
decyl group; and 

a compound represented by formula (I) wherein R represents a butyl, pentyl, hexyl, heptyl, octyl, nonyl, or 
decyl group. 

10. The ink according to any one of claims 1 to 9, wherein R represents a straight-chain or branched C a H 2a -k-i group. 

1 1. The ink according to any one of claims 1 to 10, which further comprises 0 to 10% by weight of (di)propylene glycol 
monobutyl ether. 

1 2. The ink according to claim 1 1 , wherein the weight ratio of the compound represented by formula (I) to (di)propylene 
glycol monobutyl ether is 1 : 0 to 1 : 10. 

13. The ink according to any one of claims 1 to 12, which further comprises 0 to 5% by weight of an acetylene glycol 
40 surfactant. 

14. The ink according to claim 13, wherein the weight ratio of the compound represented by formula (I) to the acetylene 
glycol surfactant is 1 : 0 to 1 ; 3. 

45 15. The ink according to any one of claims 1 to 14, which further comprises 0 to 20% by weight of di(tri) ethylene glycol 
monobutyl ether. 

1 6. The ink according to claim 1 5, wherein the weight ratio of the compound represented by formula (I) to di(tri)ethylene 
glycol monobutyl ether is 1 : 0 to 1 : 10. 



50 



17. The ink according to any one of claims 1 to 16, wherein the water-soluble colorant is a water-soluble dye and/or a 
water-soluble pigment dispersible in water. 

18. An ink jet recording method comprising the steps of: ejecting a droplet of an ink; and depositing the droplet onto a 
55 recording medium to perform printing, wherein the ink is one according to any one of claims 1 to 1 7. 

19. A recorded medium recorded by the ink jet recording method according to claim 18. 
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